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Abstract
This paper explores the role of two important food sources, potatoes and milk, in explaining the
large population growth experienced throughout the Old World in the 18th and 19th centuries. Nunn
and Qian (2011) show that the introduction of the potato from the New World has a significant
explanatory role for within country population and urbanization growth over this period. We expand
on this by considering the role of milk consumption, which is hypothesized to be a complement of
potatoes due to a differential composition of essential nutrients. Using a country-level measure
for the suitability of milk consumption, the frequency of lactase persistence, we show that the
marginal effect of potatoes on post-1700 population and urbanization growth is positively related
to milk consumption. As the frequency of milk consumption approaches unity, the marginal effect
of potatoes more than doubles in magnitude compared to the baseline estimate of Nunn and Qian.
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1 Introduction
In a recent work, Nunn and Qian (2011; hereafter NQ) show an exogenous determinant of potato usage,
land suitability, has a significant effect upon population and urbanization growth after the Columbian
Exchange. The introduction of the potato from the New to the Old World had large effects on both
population and the fraction of a country’s population living within cities. This positive effect is due
to the nutritional superiority of potatoes compared to pre-Columbian, Old World staple crops. The
increased nutrition from the introduction of South American potatoes to Old World farmers led to an
increase in caloric output for a given acre of land, which in turn, led to an increase in both the carrying
capacity of a country and the fraction of the labor force working in urban manufacturing centers.
The current work seeks to supplement that of NQ by including a unique measure for varied milk
consumption, the country-level frequency of lactase persistence.1 Our main hypothesis is that milk
complemented the high caloric output of potatoes by providing necessary vitamins, minerals, proteins,
and fatty acids. This idea is supported by the following statement in Nunn and Qian (2011, P. 601;
McNeil 1999): “[A] single acre of land cultivated with potatoes and one milk cow was nutritionally
sufficient for feeding a large family of six to eight [Emphasis added].” This statement implies comple-
mentaries in the diet of those families that were able to consume both potatoes and milk, where isolated
consumption of either food source would be insufficient in feeding such a large family. Estimations in
NQ, however, don’t account for the varied consumption of milk. We therefore augment the explana-
tory power of potatoes by including an exogenous measure for the suitability of milk consumption, the
country-level frequency of lactase persistence. We treat milk and potatoes as inputs in the production
of larger populations, and in so doing, allow for measurement of the complementarity between the two
food sources in the production of larger populations and urbanization.
Before the industrial revolution, population can be seen as a proxy for the level of technological
and economic development (Ashraf and Galor 2011). This is due to the historical association between
technological advancements and larger populations. As productivity rises within an economy, a tem-
porary increase in the standard of living occurs. The higher income per capita increases the demand
for children, thereby increasing the population. If population growth isn’t restrained, the population
will grow until income per capita approaches the previous subsistence level, leaving income per capita
constant over time. This idea is confirmed in a recent study by Ashraf and Galor (2011) who show that
improvements in technology lead to long run increases in population but have no long run effect on
income. In addition to the effects on population, the conceptual framework of NQ argues that increases
1Lactase is an enzyme associated with the digestion of lactose, a sugar in all milk. Lactase persistence and lactose
tolerance are synonymous.
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in agricultural productivity are positively associated with the fraction of the labor force working in
the non-agricultural, or manufacturing, industry. And given that manufacturing takes place in ur-
ban areas, increases in agricultural productivity from the introduction of the potato should lead to
increasing urbanization. The hypothesized complementarity between potatoes and milk is positively
associated with increasing agricultural productivity, where an equivalent increase in potato production
has a larger effect on productivity in lactase persistent populations. A further channel considered by
NQ considers the shift from the Malthusian to the post-Malthusian era, which corresponds roughly
with the introduction of the potato. The post-Maltusian economy of 1750 CE and later provides
support for increasing incomes due to economic development. Considering urbanization as a proxy
for income, the economic advantages from the complementarity between potatoes and milk are likely
to result in changing rates of urbanization. We therefore consider the effect of the complementarity
between potatoes and milk on both the growth rate of population and urbanization.
Our main hypothesis is that milk is a complement to potatoes in the production of larger popu-
lations and greater urbanization. Therefore, our main estimating equation explores the multiplicative
interaction between the agricultural suitability of potatoes and the frequency of lactase persistence.
To preview our findings, the coefficient of this interaction, our coefficient of interest throughout the
paper, is positive and statistically significant in numerous estimations, supporting our hypothesis. For
countries composed entirely of lactase persistent individuals, our estimates imply that the marginal
effect of potatoes on population and urbanization is more than double that found in NQ. This result is
robust to the inclusion of continent fixed effects and potentially omitted variables. And placebo tests
provide no support for alternative unobserved complementaries that may potentially bias our main
findings.
1.1 Complementarity between Potatoes and Milk
In a companion work, we show that milk is strongly associated with population density in 1500 CE,
which can be seen as a proxy for precolonial economic development (Cook 2013). Two main reasons
are given for this relationship.2 First, milking provided a quantitative caloric benefit to early farmers.
Second, milk provided a qualitative improvement to a farmer’s diet. Of primary focus to the current
work is the qualitative improvement in diet.
The secondary products revolution allowed for early farmers and pastoralists to obtain more calories
from a set herd of livestock (Sherratt 1983). One major secondary product is milk, or dairying.
2A third potential reason is also discussed. Milk provided an obvious substitute to mother’s milk. The availability of
this substitute led to an increase in the fecundity of women by shortening the weaning period of infants, and thereby,
allowing for a shorter postpartum infertility period in women. The shorter infertility period allowed mothers of lactase
persistent children to have more children.
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Considering two farmers with identical heads of livestock, if one practices dairying, he is able to obtain
a greater quantity of calories compared to the other. This increase in caloric production led to an
increase in the carrying capacity for a fixed amount of land, thereby increasing population. This idea
is confirmed by the rapid natural selection of a gene variant that allows for milk consumption.
The proposed hypothesis in this paper is that milk consumption complemented the nutritionally
superior potato. If two farmers adopted the potato, the one who is able to consume milk would be
able to support a larger family. The reason for this relationship lies in the nutritional benefit of each
food source. Milk is high in fats and proteins, while potatoes contain high amounts of calories relative
to other staple crops. For a 30 year old male weighing 150 pounds a quart of milk would contain 69%
of daily recommended protein, 46% of daily fat, 19% of daily carbohydrates, and 30% of daily calories
(USDA 2005).3 Additionally, a quart of milk contains 138% of daily calcium, 72% of vitamin A, 10%
of vitamin D, 150% of riboflavin, and 30% of potassium. In contrast, one large potato (300 grams;
baked) contains 17% of daily recommended protein, 0.01% of daily fat, 25% of daily carbohydrates,
and 14% of daily calories.4 One 300 gram potato also contains 38% of vitamin C, 53% of iron, and 26%
of folate. This implies a farmer could subsist on one quart of milk and 5 potatoes a day. Additionally,
according to the WHO (2009, p.3): “The profile of amino acids in milk complement those in grains
and cereals, which is of considerable benefit in communities where grains and cereals predominate.”
Fats, or more broadly lipids, which are absent in a diet composed solely of potatoes, are important
in the supply of essential fatty acids (e.g., DHA, AA, etc.), the absorption of fat-soluble vitamins A,
D, E, and K, the creation of cell membranes, and neurological development in early childhood (Milner
and Allison 1999). Fatty acids are also easier to digest, implying that of two food sources that are
equal in calorie content the one higher in fat provides greater a number of digested calories (Sims and
Danforth 1987). The composition of fatty acids in milk are also favorable to neurological development
and later-life health with 2.3% of the fat being essential fatty acids (IOM 2002, Mansson 2008).5 In
addition to fatty acids, milk also supplemented the quantity and quality of proteins in a diet composed
solely of potatoes. As mentioned previously, more than two-thirds of daily protein requirements can
be obtained from a quart of milk; additionally, the protein from milk is more easily digested than that
3The recommended amount of protein for 19-30 year old males is 0.66 grams per kilogram of adult weight. The
recommended daily fat intake is 65 grams. Calorie intake is based on a 2,000 calorie diet. A quart of whole milk (without
added vitamin A or D) contains 595 calories, 30.74 grams of protein, and 31.92 grams of fat (USDA 2005). Additionally,
it contains 1,100 mg of calcium, 449 mg of vitamin A, 1 mg of vitamin D, 1.65 mg of riboflavin, and 1,288 mg of potassium
(USDA 2005)
4An unsalted 300 gram baked potato contains 7.47 grams of protein, 0.39 grams of fat, 63.24 grams of carbohydrates,
and 278 calories. Additionally, a potato contains 28.7 mg of vitamin C, 3.23 mg of iron, and 84 mg of folate
5Essential fatty acids linolenic (omega-6) and alpha-linolenic (omega-3) account for 1.6% and 0.7% of fat, respectively.
Additionally, 27.3% of fatty acids in milk are unsaturated, 70% are saturated fatty acids, and 2.7% are trans fatty acids
(Mansson 2008). Using a measure that captures cholesterol and saturated fat, whole milk is comparable to lean (10%
fat) ground sirloin (Connor et al. 1986).
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of potatoes (Eppendorfer and Eggum 1992; Hoffman and Falvo 2004).6
A secondary complementarity between potatoes and milk is in the micro nutrient composition
of each food source. Potatoes contain more micronutrients compared to other staple crops but lack
vitamin A and calcium. Milk is naturally high in both calcium and vitamin A, thereby providing
needed vitamins for a diet rich in potatoes.7 Historic proof of a diet composed mainly of potatoes
and an absence of vitamin A is given from the Irish Potato Famine, during which many families
excluded whole milk from the diet, resulting in an increased frequency of xerophthalmia, or vitamin
A deficiency (Crawford 1984).8 An additional benefit of adding milk to a diet composed solely of
potatoes is the addition of calcium, which can help offset rickets and other problems associated with
bone development. Old World crops contained adequate amounts of calcium, but potatoes contain
no calcium.9 Furthermore, the added vitamin C from potatoes aids in the absorption of calcium and
iron.10
Figure 1 plots the percent of the recommended daily amount for macro and micro nutrients con-
tained within both potatoes and milk.11 The difference in potatoes and milk in regards to fatty acids,
vitamins C and A, calcium, and all other nutrients of importance are shown within Figure 1. To analyze
this difference between potatoes and milk as well as potential relationships between potatoes and other
foods, Table 1 gives the correlation of nutrient composition between potatoes, milk, New World crops
(i.e., sweet potatoes, corn, and cassava), Old World crops (i.e., wheat and rice), and beef.12 A negative
correlation in Table 1 implies that two food sources differ in composition, or are complements in diet,
while a positive correlation implies the two foods have similar compositions and are substitutes in diet.
As shown in Table 1, a negative and statistically significant correlation exists between potatoes and
milk, implying complementarity, while potatoes are not significantly correlated with any other food
6The usability of a protein is determined by biological value, which is the proportion of a digested protein that is
converted into protein for the digester (Mitchel 1924). The biological value of milk is 91 (Hoffman and Falvo 2004),
whereas the biological value for a cooked white potato is 65 (Eppendorfer and Eggum 1992), implying a greater fraction
of milk protein is being used in digestion.
7The role of vitamin A in the complementarity between potatoes and milk is partially checked in Table 5. Table 5
examines the complementarity between milk and other New World staple crops, including sweet potatoes. Sweet potatoes
are very similar to white potatoes, except in vitamin A content: sweet potatoes contain large amounts of vitamin A,
while vitamin A is absent in white potatoes. From Table 5, it is shown that milk does not complement sweet potatoes,
implying the complementarity between potatoes and milk may be heavily influenced by the presence of vitamin A in
milk.
8Xerophthalmia is a dryness of the eyes, which can result in blindness. For some, buttermilk or skim milk replaced
whole milk. These substitutes, however, are insufficient in vitamin A.
9For 100 grams, Old World crops–i.e., wheat and rice–contain an average of 22 mg of calcium (34mg from wheat and
10mg from rice). Roughly 300 mg of calcium are needed to prevent rickets (Kooh et al. 1977); therefore, 1.36 kg of Old
World crops provide sufficient calcium to help offset rickets.
10High levels of calcium intake potentially interfere with the absorption of iron (Hallburg 1998). This effect can be
offset, however, by the inclusion of vitamin C, which aids in iron absorption (Hallburg et al. 1989).
11A consistent unit of mass (100g) is used for each food source. For Figure 1, a consistent y-axis for each sub-figure is
not used.
12For Old and New World crops the average amount of each nutrient is used to calculate the correlation.
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considered. The findings of Table 1 provide further support for the complementarity between potatoes
and milk.
An additional non-dietary complementarity is found between the other products of domesticate
animals, particularly manure, and potatoes.13 Potatoes were often fed as fodder to domesticate animals,
while manure help to supplement the soil of farmers. This is especially true for farmers who used
potatoes as a rotational crop. Traditional rotational crops–i.e., legumes and clover–increase nitrogen
in the soil; potatoes, however, do not. This implies a greater marginal benefit of manure for farmers
using potatoes as a rotational crop.
Today, a positive relationship exists between country-level potato consumption and a country’s
contemporary frequency of lactase persistence.14 This relationship is shown for Old World countries,
including Oceania, in Figure 2. A strong positive relationship remains between the two food sources
as shown by the slope coefficient of 68.63, which is significant at the 1 percent level.15 This contem-
porary relationship between potatoes and lactase persistence provides further support for an historic
complementarity in the diet between the two food sources.
Potatoes provide a greater number of micro nutrients and calories than other staple crops; however,
a diet composed solely of potatoes lacks essential nutrients. Adding milk to a diet of potatoes provides
needed fatty acids, additional protein, and essential micro nutrients. Together milk and potatoes
provided an adequate diet that led to larger populations. The next sections outlines the data to
be used, while section 3 provides evidence the role of milk and potatoes in the creation of larger
populations.
2 Data
2.1 The Frequency of Lactase Persistence
Not all people are able to consume milk. The reason for this varied consumption is due to differences
in the presence of an enzyme in the small intestine, lactase. Lactase is responsible for breaking down
lactose, a sugar found in all milks. If lactase is not present, then lactose will pass to the colon and lead
to cramping or diarrhea (Simoons 1969). The presence of lactase in some people, and not others, is
one of the most famous examples for the continued natural selection in humans (Ingram et al. 2009a).
The persistent production of lactase is the product of a specific gene variant. The particular variant,
13This implies a complementarity between domesticate animals and potatoes not tied to the consumption of milk. This
idea is tested in Table 5.
14Potato consumption data are from the FAO and are for the year 2009. Contemporary lactase persistence frequencies
are first tabulated in Cook (2013). The extended sample of countries described in Section 2.1 and the Supplemental
Appendix is also used in Figure 2.
15Interpreting the coefficient, a 1 percentage point increase in the frequency of lactase persistence is associated with an
increase of roughly 0.7 kilograms of potato consumption in 2009.
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however, differs across populations (Ingram et al. 2009b; Tishkoff et al. 2006). Therefore, we base
our measure of lactase persistence on the observed ability to consume lactose, not on latent genetic
variation.
The data for frequencies of lactase persistence come from Ingram et al. (2009a). The authors
collect lactase persistence frequencies for a wide number of ethnic groups from previous studies.16 The
data present two problems: First, data are on the ethnic level, while we are interested in explaining
the country-level differences. Second, the collection dates for the frequency of lactase persistence range
from roughly 1960 to 1990; data from this period may not be relevant to explaining population changes
of the 18th and 19th century.
In order to aggregate ethnic lactase persistence data to the country level, we use ethnic compositions
from Alesina et al. (2003).17 The ethnic data of Alesina et al. (2003), however, give compositions
for roughly the mid 1990’s. In order to find ethnic compositions for the pre-industrial period, we use
data on global migration from 1500-2000 CE; these data are from Putterman and Weil (2010). The
frequency of lactase persistence using historical ethnic composition does not differ substantially from a
measure of lactase persistence calculated using the contemporary ethnic compositions from Alesina et
al.; the correlation between the two measures is roughly 0.98. This implies that Old World migration
between our periods of interest,1000-1900 CE, should not be a major source of bias for our country-level
measure of lactase persistence. An additional issue involves the natural selection of lactase persistence
occurring over this period. As argued in Cook (2013), we have no reason to suspect that changes
in lactase persistence are non-monotonic. In other words, while it is possible the advantages of milk
consumption have led to increases in the frequency of lactase persistence over our period of interest,
we have no reason to suspect differences in the selective advantage of lactase persistence, or differences
in the rate of accumulation of lactase persistence across countries over our time period of interest.
Additionally, natural selection is a relatively slow process, so any differences in the frequency of lactase
persistence over time are likely to be minor.
One further issue lies in comparing the sample of countries of NQ to those for which we have
historic lactase persistence frequencies. The sample of 130 countries in NQ represents most Old World
countries, including Oceania. For these 130 countries, 110 are matched with data on historic lactase
persistence frequencies from Cook (2013).18 The 20 excluded countries are not random. These countries
16The sampling techniques for collecting lactase persistence frequencies are consistent in all past studies. For collection,
either blood glucose or breath hydrogen tests are conducted. For a full discussion see Cook (2013).
17Ethnic groups from Ingram et al. (2009a) are not a perfect match to ethnic groups in Alesina et al. (2003). The use
of ethnic language classifications, however, allows for the matching of related groups (Lewis 2009).
18The excluded countries are Australia, Bhutan, Central African Republic, Cote d’Ivoire, Djibouti, Western Sahara, Fiji,
Iceland, Israel, Mauritania, New Zealand, Papua New Guinea, Qatar, Russia, Solomon Islands, Sierra Leone, Swaziland,
Chad, Togo, and Timor-Leste. A complete discussion is given in the Supplemental Appendix.
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tend to have lower initial populations, slower population growth over the period considered, and
are less suited for potato production. Therefore, we extend the sample of countries by using the
contemporary majority ethnic group as a representative for the historic ethnic composition. This
representative ethnicity is then matched to a similar ethnicity (by language, Lewis 2009) for which there
is data in Ingram (2009a), creating a country-level measure for the frequency of lactase persistence.
Performing an identical process for the base sample of Cook (2013), historic lactase persistence from
the majority ethnic group is found to have a correlation of 0.98 with lactase persistence calculated
with the Putterman and Weil (2010) migration matrix. After extending the sample, our analysis uses
the same sample of countries as NQ.19 The country-level frequency of lactase persistence is shown
graphically in Figure 3.
The resulting country-level data for lactase persistence gives the percent of a country’s population
that is able to consume milk. This measure is similar qualitatively to the agricultural suitability
measure employed by NQ. The frequency of lactase persistence is an inherent difference which gives
the suitability of milk consumption for a given country.
2.2 Agricultural Suitability
Data for crop suitability come from the Food and Agriculture Organization (FAO)’s Global Agro-
Ecological Zones. The FAO’s data set takes into account many environmental factors to determine
individual crop yields. The environmental factors come from the Climate Research Unit and include
precipitation, frequency of wet days, mean temperature, diurnal temperature range, vapor pressure,
cloud cover, sunshine, ground-frost frequency, and wind speed. The FAO data also take into account
soil and slope conditions. Potential crop yields are then calculated for within country grids. The grids
are 0.5 degrees latitude and 0.5 degrees longitude and span the globe. Suitability is determined by
classifying grid yields relative to the maximum yield; e.g., a grid is said to be very suitable if it can
produce 80-100% of the maximum possible output.20
NQ define land to be suitable for cultivation if it can produce 40% of the maximum output. With
this understanding, NQ define country-level crop suitability as the fraction of suitable cells within a
country. In addition to the suitability of potatoes, agricultural suitability measures are also found for
sweet potatoes, silage maize, grain maize, cassava, wetland rice, dryland rice, wheat, and a measure
for the suitability of all crops. These data are for all Old World countries, including Oceania. The
country-level measure for potato suitability is given in Figure 4 and the interaction between potatoes
and milk is given by Figure 5.
19Complete documentation of the extended sample of lactase persistence is given in the Supplemental Appendix.
20Maximum output is obtained from the best possible conditions.
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A few concerns arise in using crop specific agricultural suitability. First, the measures are obtained
in the 1990’s, roughly 200 years after the population boom. The suitability measures, however, are
based on climatic conditions that have changed little over the last 200 years. Second, a number of
differing potato varieties have evolved over time. Given this fact, it is possible farmer’s manipulated
potatoes to grow in regions that were densely populated. This issue of reverse causality brings into
question the causative properties of potatoes on population growth. The manipulation of potato
varieties, however, has been shown to be mostly for visual reasons, not to supplement high population
areas. According to NQ (P. 613), “To the best of our knowledge, the focus was not on developing
varieties that could be grown in climates with rapid population growth.” Therefore, crop suitability
measures are considered an exogenous determinant of crop yields across countries.
2.3 Other Variables
The primary dependent variable considered in the current work is country-level population between
1000 and 1900 CE. These data come from originally from McEvedy and Jones (1978) and are widely
used in related work (see e.g., Acemoglu et al. 2002; Ashraf and Galor 2011, 2013). Increases in pro-
ductivity prior to the Industrial Revolution led to short run improvements in living conditions and long
run increases in populations (Ashraf and Galor 2011). With this in mind, the use of populations can
be seen as a proxy for levels of economic development. In addition to populations, we also use urban-
ization, defined as the fraction of a country’s population living within a city containing 40,000 or more
residents, as a dependent variable of interest. The use of this dependent variable is intended to capture
the effects of the complementarity on agricultural productivity and income, of which urbanization is a
proxy (see e.g., Acemoglu et al. 2002).
Covariates that make up our baseline estimating equation include the natural log of the number
of hectares suitable for all agriculture, the presence of large domesticate animals, the suitability of
land for pasture, the intensity of animal husbandry, the years a country has practiced agriculture,
an index for historic economic complexity, an index for historic political hierarchy, the natural log
of average elevation, the natural log of average ruggedness, and the percent of a country within the
tropics. Definitions and sources of all variables used throughout the paper are found within the Variable
Appendix. Summary statistics for our main variables of interest as well as those not directly from NQ
are given in the Supplemental Appendix.
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3 Results
The primary estimations follow those found in NQ. Towards this end, we will first show that the
complementarity between milk and potatoes is a significant explanatory factor of population and
urbanization growth after NQ’s proposed date for the introduction of potatoes to the Old World.
Secondly, we will estimate our baseline interaction model. In essence, this is a difference-in-differences
estimation, in which the suitability variables are continuous measures of receiving the treatment.
Further estimations test plausible complementarities between lactase persistence and other New World
crops as well as other beneficial factors associated with lactase persistence frequencies–e.g., other
advantages of domesticate animals and cultural variation–that may be complementary to a diet of
potatoes. Finally, we will consider robustness to continent-level fixed effects and the inclusion of
potentially omitted variables.
3.1 Baseline
This section establishes the complementarity between the agricultural suitability of potatoes and the
frequency of lactase persistence in explaining within country population and urbanization growth.
First, we will perform flexible estimation, as in NQ, to show that the positive and significant interaction
between potatoes and milk occurs after the proposed introduction date of the potato, i.e., 1750. This
is measured by the joint significance of the coefficient of the interaction between potato suitability and
lactase persistence for within year estimations, and is given by the following estimating equation:
yit =
∑1850
j=1100 β
M
j ln FLPi · Ijt +
∑1850
j=1100 β
P
j ln PSAi · Ijt +
∑1850
j=1100 β
PM
j ln PSAi · ln LPFi · Ijt
+
∑1850
j=1100 X
′
iI
j
tφj +
∑
c γcI
c
i +
∑1850
j=1100 ρjI
t
j + it
(1)
where i is a country indicator, t is an indicator for the year, and yit represents either the natural
log of population or the fraction of the country living within a city of country i in year t, FLPi is
the frequency of lacatse persistence in country i, and PSAi represents the agricultural suitability of
potatoes. Our coefficient of interest, βPMj , gives the complementarity between milk and potatoes in
year j. A positive coefficient on the interaction term implies that the marginal productivity of potatoes
is influenced by the ability to consume milk in country i, where ∂2yj/∂PSA∂LPF is given by βPMj .
Therefore, we expect βPMj to be positive and significant for j > 1700, where as in NQ, we use 1750 as
the introduction date of potatoes. βPj ’s represent the within year effect of potatoes,
∑1850
j=1100 X
′
iI
j
tφj
represents year specific controls, country fixed effects are given by
∑
c γcI
c
i , year fixed effects are given
by
∑1850
j=1100 ρjI
t
j , and standard errors are clustered by country.
Table 2 displays the within year effects of the interaction between potato suitability and lactase
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persistence for 1100-1900 CE. Columns (1) and (2) use the natural log of population as the dependent
variable and columns (3) and (4) use the city population share, or urbanization, as the dependent
variable. Odd numbered columns include main and interactive effects for the frequency of lactase
persistence and the natural log for the number of potato suitable hectares and year fixed effects, while
even numbered columns comprise the flexible estimating equation given in Equation 1. We expect the
coefficient on the interaction term to be positive and increasing after the widespread introduction date
of 1700. Figure 6 displays the point estimates from columns (2) and (4) of Table 2, from which it
is clear that the coefficient of association between milk and potatoes is tied to the introduction date
of 1700. Prior to 1750, a weak (but statistically significant) and positive association exists between
milk and potatoes in the production of larger populations; however, no statistically significant effect
is shown for the interaction on urbanization prior to 1750. Using the estimates from Table 1, Figure
7 plots the marginal effect of potato suitability on populations and urbanization for varied levels of
milk consumption. The most obvious attribute of Figure 7 is that the marginal effect of potatoes
is increased for countries which were better able to consume milk. And as in NQ, this marginal
effect of potatoes increases exponentially after the established introduction date. After the potato
becomes more widely dispersed throughout the Old World, the coefficient of the interaction increases
exponentially, implying the marginal effect of potatoes on population and urbanization is tied to the
frequency of lactase persistence in each country.21
The estimates of Table 2, displayed by Figures 6 and 7, give credence to the use of the difference-
in-differences specification of NQ. For our baseline estimation, the primary focus is on the relationship
of milk and potatoes after 1700. This is done by interacting both the frequency of lactase persistence
and the suitability of potatoes with an indicator variable for the post-introduction period. This is seen
in our baseline estimating equation:
yit = β
M ln LPFi · IPostt + βP ln PSAi · IPostt + βPM ln LPFi · ln PSAi · IPostt
+
∑1850
j=1100 X
′
iI
j
tφj +
∑
c γcI
c
i +
∑1850
j=1100 ρjI
t
j + it
(2)
where IPostt is the post 1700 indicator,
∑
c I
c
i and
∑1850
j=1100 I
t
j represent country and year fixed effects,
respectively, and X′i is a vector of country-specific controls for agriculture, the use and presence
of domesticate animal, historic economic and political development, and geography. Following the
empirical specification of Equation 2, βM and βP give the respective main effect of milk and potatoes
on population growth or urbanization within a country after introduction of the potato from the
New World to the Old. Our coefficient of interest, βPM , measures the relationship between potatoes
and milk in explaining either population or urbanization growth after the introduction period, where a
21Using alternative years, confirms the cutoff of 1750. These estimates are given in the Supplemental Appendix.
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positive coefficient implies a complementarity between the two food sources. The estimates of Equation
2 are shown in Table 3 and are given by the following form: column (1) includes country and year fixed
effects but no country-specific controls, columns (2)-(5) piecemeal include our baseline controls–crops
suitability, the usage and presence of domesticate animals, measures for historic economic and political
development, and geography–into the estimation of column (1), and column (6) represents our baseline
estimating equation given by Equation 2 above. Table 3A considers the effect of the interaction on the
within country growth in population, while Table 3B considers an equivalent effect on urbanization.
All estimations cluster standard errors at the country level.
Column (1) in Table 3A gives the estimates for regressing the natural log of population on the
suitability of potatoes, the frequency of lactase persistence, and the interaction between the two foods
as well as country and year fixed effects. From column (1), there are no significant main effects for
either potatoes or milk in explaining the within country population growth after NQ’s introduction
date of 1700; however, the interaction between the two food sources is positive and highly significant.
This finding suggests that the effect of the potato in explaining larger, post-introduction populations
is dependent upon the frequency of lactase persistence within a country. This is further supported
by the marginal effect of potato suitability for varied frequencies of lactase persistence. In a parallel
estimation within NQ (column (1) of Table IV, p. 628), which focuses only on the effect of potato
suitability and not its interaction with lactase persistence, the potato elasticity of population is found
to 0.059. Comparing this coefficient to the marginal effects given in column (1) of Table 3A, the
effect of potatoes on population growth is significantly smaller (p-value = 0.0049) for countries with
a lactase persistence frequency at the 25th percentile of the distribution, while the estimate of NQ is
indistinguishable from our own for countries with a frequency of lactase persistence above the median.
For the frequency of lactase persistence approaching unity, the effect of potatoes on population growth
would be roughly equal to the coefficient on the interaction term.22 The magnitude of this coefficient
is more than twice that for similar estimation in NQ.
Columns (2)-(5) of Table 3A piecemeal include our baseline controls, while column (6) represents
Equation 2 and gives our baseline estimates. Baseline controls are divided into 4 sets–crop suitability,
domesticate animals, historic economic/political development, and environment–which correspond,
respectively, to the piecemeal inclusion of controls in columns (2)-(5). Crop suitability is measured
by the suitability of all crops. The use of this control is intended to capture the beneficial effects
of favorable agricultural environments, which may be driving the positive population effects of the
suitability of potatoes. The set of controls for the historic use and presence of domesticate animals
22Given a lactase persistence frequency equal to one, the marginal effect of potato suitability is 0.1150.
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is intended to capture the potentially positive effects of domesticate animals outside of dairying. In
addition to milk, domesticate animals provide both other forms of nutrition (i.e., meat) and labor, which
could also complement potatoes.23 The third set of baseline controls account for historic differences in
economic development. As argued in Cook (2013), cross-country differences in the frequency of lactase
persistence are strongly and positively associated with population density in 1500 CE, a commonly
used measure for precolonial economic development. Therefore, the complementarity between milk
and potatoes may be accounting for an unobserved complementarity between potatoes and the level of
economic development at the time of introduction.24 Finally, we control for a number of environmental
differences between countries, which are also used for estimation in NQ.
The inclusion of our baseline controls, either separately in columns (2)-(5) or jointly in column (6),
does not alter the relationship between potatoes and milk in explaining post-1700 population growth.
Main effects for both food sources are insignificant, while the interaction between the two remains
positive, similar in magnitude to the simple estimation of column (1), and statistically significant at
conventional levels. Given the consistency in estimation across columns in Table 3A, it is not likely that
the positive and statistically significant interaction between potatoes and milk is being driven by either
crop suitability, domesticate animals, historic economic development, or environmental differences
across countries. These potential sources of bias are checked further in Section 3.2.
Table 3B mirrors the estimation of Table 3A, replacing the natural log of population with the frac-
tion of the population living within a city of at least 40,000 individuals. Focusing on urbanization in
place of populations does not change our main findings. The effect of potatoes in explaining urbaniza-
tion is tied to the frequency of lactase persistence within a country. Countries with a lessened ability
to consume milk did not significantly benefit from the introduction of the potato. This is seen in the
insignificant marginal effect of potatoes evaluated at the 25th percentile of the frequency of lactase
persistence. However, as the frequency of lactase persistence increases so too does the effect of potatoes
in explaining increasing urbanization. As with populations, the benefits of potatoes are moderated by
the ability of the population to consume milk. This is due to the differential nutrient composition of
the two food sources. While potatoes were able to provide more calories and an increased array of
nutrients compared to the previously used Old World crops, potatoes alone are unable to make up a
complete diet. The supplementation of milk, which is significantly different in its nutrient composition,
fills the gaps in nutrition from a diet strictly of potatoes.
The estimates of Tables 3A and 3B support the main hypothesis of this paper: Countries that were
better able to consume milk received greater benefits from the introduction of the nutritionally superior
23This idea is further checked in Table 5.
24This idea is further checked in Table 6.
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potato than those countries that were composed of non-milk drinking populations. The marginal effect
of potatoes more than doubles as the frequency of lactase persistence approaches unity, and this finding
is consistent throughout the numerous specifications of Tables 3A and 3B.
3.2 Placebo Tests
Table 4 explores the relationship of milk consumption, as measured by the country-level frequency
of lactase persistence, and other New World staple crops. This is done by considering potential in-
teractions between the frequency of lactase persistence and measures for the suitability of other New
World staple crops. Columns (1) and (2) consider maize, columns (3) and (4) consider sweet potatoes,
columns (5) and (6) consider cassava, and columns (7) and (8) consider silage maize. Odd numbered
columns explore the interaction model while controlling only for year and country fixed effects, and
even numbered columns represent our baseline estimating equation, including a control for potato suit-
ability. For Panel A, the natural log of populations is used as the dependent variable, while for Panel
B, the share of the population living within a city is the dependent variable.
Column (1) looks at the interaction model for maize and milk in explaining within-country pop-
ulation and urbanization growth. Column (1) controls only for country and year fixed effects, while
column (2) includes the baseline controls and the agricultural suitability of potatoes.25 The estimates
of columns (1) and (2) show that maize and milk are not complements in the production of larger
populations or greater rates of urbanization; instead, milk and maize appear to be substitutes, where
the marginal effect of maize is increased for low lactase persistence frequencies. Maize contains sub-
stantially more fatty acids, particularly polyunsaturated, and vitamin A when compared to potatoes
(USDA 2005). This may be one reason as to why maize is not complemented by increased milk con-
sumption. Columns (3) and (4) consider the relationship between sweet potatoes and milk in measuring
population growth. As with maize, milk is shown to not complement sweet potatoes, but is seen a
substitute in the production of larger populations. Like maize, sweet potatoes are high in vitamin
A but are nutritionally similar to white potatoes in terms of other macro and micro nutrients. This
implies that the complementarity between white potatoes and milk may be primarily driven by the
added vitamin A from milk. Columns (5) and (6) consider cassava, and find no association with milk
when all relevant controls are included. Finally, columns (7) and (8) consider silage maize. Silage
maize is typically used to feed domesticate animals; therefore, we should expect to find a complemen-
tarity between the agricultural suitability of silage maize, which can be used to feed milk producing
cattle, and lactase persistence. Column (7) indeed shows silage maize and lactase persistence do have
25The agricultural suitability of potatoes is included in even number columns to more directly measure the comple-
mentarity between milk and other New World crops, which may be correlated with potato suitability.
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a complementary effect on both population and urbanization growth; however, this relationship is sen-
sitive to the our baseline controls and the suitability of potatoes. For all estimations of Table 4, main
effects and interactions are similar for whether we focus on population or urbanization. For no other
New World crop is a significant complementarity found, implying that the macro and micro nutrients
found within potatoes are indeed complemented by milk consumption. This is further supported by
the correlation matrix of Table 1, from which no significant relationship is seen between the nutrient
composition of New World crops and milk.
Table 5 considers the potential complementarity between the beneficial effects of domesticate ani-
mals, which are associated with a high prevalence of lactase persistence, and the suitability of white
potatoes. The estimates of Table 5 intend to check for alternative explanations for the complementarity
found in Table 3 and follow a similar form to that of Table 4 with odd-numbered columns controlling
for country and year fixed effects and even-numbered columns comprising our base estimation includ-
ing a control for the frequency of lactase persistence interacted with year indicators.26 Again, Panel A
considers the effect on the natural log of population, and Panel B considers the effect on urbanization.
Columns (1) and (2) consider the complementarity between potato suitability and the intensity of
animals husbandry in explaining population growth; columns (3) and (4) consider the potential com-
plementarity between the suitability of land for pasture and the suitability of land for potatoes; and
columns (5) and (6) consider the complementarity between the presence of large domesticate animals
and potatoes.
For all measures of domesticate animals, no complementarity is found with potatoes in explaining
either growth in population or urbanization. The results of Table 5 further suggest that milk, not
domesticate animals, complements the introduction of the potato in the production of larger popula-
tions. A major source for the potential complementarity between domesticate animals and potatoes
lies in the substitution of milk for meat. But as suggested by Table 1, no significant relationship is
shown between beef (ground) and potatoes. This insignificant relationship is further supported by the
estimates of Table 5.
Table 6 repeats the estimation strategy of Tables 4 and 5, but focuses on the potential complemen-
tarity between potatoes and historic economic or political development. High frequencies of lactase
persistence are tied to dairying cultures. These dairying cultures may be related to other advantageous
or harmful factors for population or urbanization growth. Table 6 tests whether the complementarity
between potatoes and milk is driven by a complementarity between potatoes and cultural variation.
26For even-numbered columns, the controls for each domesticate animal measure are excluded when considering its
complementarity with potatoes. As with Table 4, we control for the frequency of lactase persistence to measure the
potential complementarity between potato suitability and the domesticate animal measure the lactase persistence channel.
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Columns (1) and (2) consider the potential complementarity between economic complexity, an index
from 1 to 8 ranging from nomadic to complex state organization, and potatoes; columns (3) and (4) look
at the potential complementarity between precolonial population density and potatoes; and columns
(5) and (6) look at the complementarity between the millennia a country has practiced agriculture
and potato suitability.27 As with domesticate animals, no significant complementarity in explaining
population growth is found between the suitability of potatoes and our measures for historic economic
and political development.28
Using a number of plausible alternatives to the observed complementarity between potatoes and
milk, Tables 4-6 estimate a number of placebo tests. Table 4 provides support that the complementar-
ity between potatoes and milk does not extend to other New World crops, while Tables 5 and 6 provide
evidence that the complementarity of milk is not driven by the additional benefits of domesticate ani-
mals or dairying cultures. These estimates further support our main hypothesis that the introduction
of the potato led to larger population increases in countries that more widely consumed milk.
3.3 Robustness
In our baseline estimation we control for a full and theoretically valid set of controls. However, the
possibility for omitted variable bias remains, particularly in regards to unobserved continent-level
variation. This section will attempt to alleviate these concerns by checking the robustness of the
complementarity to continent-level variation as well as controlling for previously omitted variables,
which may potentially affect our estimates of interest.
In order to address unobserved continent-level variation, Table 7 includes continent fixed effects
(interacted with year indicators) into our baseline estimating equation. Column (1) of Table 7 re-
estimates our baseline results, whereas column (2) estimates the effect of the complementarity when
controlling for country, year, and continent-by-year fixed effects. As with Tables 4-6, Panel A gives the
estimates with the natural log of population as the dependent variable, and Panel B gives estimates
with the share of the population living within a city as the dependent variable. The estimates of
column (2) remain positive, statistically significant, and similar in magnitude to previous estimation
that excludes continent-by-year fixed effects (i.e., column (1) of Tables 3A and 3B). However, the loss
27Due to the Malthusian economy of the time, population density in 1500 CE, or precolonial population density, is used
widely as a proxy for economic development (see e.g., Acemoglu et al. 2002, Ashraf and Galor 2011).
28Of note is the coefficient of the interaction in Panel A of column (6). Interpreting this coefficient implies that countries
that have practiced agriculture for a longer amount of time benefited less from the introduction of the potato. This is
plausible as these countries contained larger populations prior to the introduction date, and the coefficient is capturing a
catch-up process for lesser populated countries, everything else equal (Putterman 2008). Any bias from this association is
unlikely. The frequency of lactase persistence and the millennia a country has practiced agriculture are positively related;
therefore, the negative interaction coefficient in Panel A of column (7) will bias the estimated interaction coefficient
between potatoes and milk downward. As a further control on this source of bias, the years a country has practiced
agriculture is included within our baseline controls.
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of variation from using within continent estimation does lead to a slight loss in precision. The effect
of the interaction between the frequency of lactase persistence and potato suitability when including
all baseline controls and continent-by-year fixed effects is given in column (3). Comparing columns (1)
and (3), the magnitude of the interaction remains roughly constant when including continent effects.
For the effect on population, significance is slightly reduced due to the loss in precision from using
within continent estimation.29 The inclusion of unobserved continent-level variation does not alter the
estimated interaction between potatoes and the frequency of lactase persistence. The effect of potatoes
in explaining population and urbanization growth remains tied to the frequency of lactase persistence
within a particular country.
Table 8 includes a number of potentially omitted variables (interacted with year indicators) to our
base estimation. These controls include latitude, mean distance to the coast, malaria ecology index,
an indicator for Roman heritage, predicted genetic diversity, and the genetic distance from the United
Kingdom. The additional controls are piecemeal included in columns (2)-(7) with column (8) including
all additional controls and column (1) giving our baseline estimation.30 Panel A regresses the natural
log of population, while Panel B regresses the rate of urbanization.
Our first set of additional controls intend to capture environmental or geographic conditions that
were favorable for population growth and possibly the frequency of lactase persistence. The inclusion of
latitude in column (2) is intended as a broad geographic and environmental control which is potentially
correlated with both potato suitability and the frequency of lactase persistence. Additionally, absolute
latitude has been shown to be a strong predictor of economic development and is used frequently as
an exogenous control in similar research (Hall and Jones 1999; Ashraf and Galor 2011). Column (3)
controls for the average distance a country is away from the coast. Given that the period considered
comprises the colonization era, the mean distance from an ice-free coast intends to capture the ease
of trade and seafaring during this period. Additionally, the practice of dairying may be associated
with more prevalent trade or technological advancement; including distance from the coast controls for
these alternative channels of lactase persistence. As a final environmental control, the suitability of
malaria within a country is considered in column (4). The global distribution of country-level lactase
persistence frequencies given by Figure 3 is inversely related to the prevalence of malaria.31 One reason
for this relationship may be due to the sensitivity of cows to the tsetse fly, which is found within
29For Panel A, the p-value for the coefficient of the interaction between lactase persistence and potato suitability goes
from 0.022 in column (1) to 0.102 in column (3). The coefficient of the interaction for column (3) of both Panels A and B
are statistically indistinguishable from the estimates given by the baseline estimation of column (1); the p-values of this
test are 0.93 and 0.65, respectively.
30Additional omitted variables considered within NQ that are omitted from Table 8 are considered in the Supplemental
Appendix. The use of the additional controls does not alter the magnitude of significance of our estimated coefficients of
interest.
31The cross-country correlation between the malaria ecology index and the frequency of lactase persistence is -0.24.
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similar areas as malaria in sub-Saharan Africa. Therefore, the frequency of lactase persistence may be
associated with malarial environments, and given the harmful effects of malaria to population growth,
the population effects of lactase perssitence may be driven by malarial environments. The piecemeal
inclusion of all geographic and environmental controls in columns (2)-(4) does not alter magnitude
or significance of the interaction between lactase persistence and potato suitability, providing little
support for a potential omitted environmental variable bias.32
The second set of additional controls considers population specific differences that may be tied
to lactase persistence and population growth. These are considered in columns (5)-(7). Column (5)
controls for a shared Roman heritage amongst European countries. This control intends to capture
the shared cultural, economic, and political histories of countries formerly belonging to the Roman
Empire. Column (6) and (7) consider genetic variation across and within countries that may be
responsible for economic conditions both historically and presently. Lactase persistence is conferred
by a genetic variant. This genetic variant may be correlated with an unobserved, favorable genetic
endowment. Therefore, the use of genetic controls in columns (6) and (7) are intended to control for any
unseen genetic variation that may be favorable for economic growth as well as controlling for cultural
similarity across countries. Column (6) includes the level of genetic diversity within a country into our
baseline estimating equation.33 As argued in Ashraf and Galor (2013), genetic diversity has a quadratic
relationship with both historic and contemporary economic development, from which genetic diversity
is positively associated with both innovation and ethnic fractionalization. An alternative measure
of genetic differences is considered in column (7). Spolaore and Wacziarg (2009) argue that genetic
similarities amongst countries represents a proxy for the diffusion of technology. And considering the
United Kingdom as the technological frontier in the year 1500 CE, genetic distance from this country
should be negatively associated with the level of technological development as well as serving as a
proxy for cultural differences from the U.K., which contains a high frequency of lactase persistence. As
with columns (2)-(4), the piecemeal inclusion of population specific controls in columns (5)-(7) does
not alter the magnitude or significance of the interaction between potatoes and milk in explaining
either within-country population or urbanization growth. As with our baseline estimates, neither milk
or potatoes has a significant main effect on population growth after the introduction of the potato;
rather, the marginal effect of each food source on population or urbanization growth is dependent upon
the availability of the other. This is shown by the positive (and statistically significant for Panel A)
32For Panel B, the interaction is insignificant throughout Table 8. However, when comparing the estimated coefficient
of the interaction to the baseline estimate (column (6) of Table 3B), there is little difference in magnitude, implying the
inclusion of our potentially omitted variables are not the source of the positive marginal effects of potato suitability for
higher frequencies of lactase persistence.
33The measure is constructed with historic precolonial population compositions.
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coefficient on the interaction.
Going further, column (8) includes all previously omitted controls into our baseline regression.
Again as with the piecemeal addition, including all relevant omitted variables does not alter our
estimated coefficients of interest. The estimates of column (8) are similar in magnitude and significance
to our baseline estimates given by column (6) of Tables 3A and 3B. This implies the relationship between
potatoes and milk is not being driven by either environmental, geographic, or varied cultures or genes
associated with lactase persistent populations, providing further support for our hypothesis.
4 Conclusion
The effect of potatoes on Old World populations is well documented (Nunn and Qian 2011). Potatoes
provided nutritional advantages to the staple crops of the Old World, thereby raising the carrying ca-
pacity of potato suitable countries. This paper questions whether the effect of potatoes was augmented
by the ability to consume milk—measured by the country-level frequency of lactase persistence, or lac-
tose tolerance. Milk provided necessary nutrients not found within potatoes: as shown in Table 1,
the nutrient composition of potatoes and milk significantly differs. In other words, milk consumption
complemented the nutritionally superior potato.
By considering the interaction between the frequency of lactase persistence and the agricultural
suitability for potatoes, we show that the effect of potatoes on population and urbanization growth
after the introduction from the New World is tied to the level of lactase persistence within a country.
Countries with low frequencies of lactase persistence, a proxy for the low consumption of milk, have a
lessened effect on population and urbanization from the introduction of the potato. Often the effect is
insignificantly different than zero. However, as the frequency of lactase persistence increases the effect
of potatoes in explaining growth in population and urbanization also rises in magnitude. As shown in
Tables 4-6, this relationship between potatoes and milk is not the byproduct of an unobserved com-
plementarity between milk and other New World crops or potatoes and either domesticate animals
or historic economic development. The complementarity between potatoes and milk is also robust to
unobserved continent-level variation as well as to the inclusion of potentially omitted variables. In
summary, our estimations provide strong evidence for our main hypothesis: the consumption of milk,
for which the frequency of lactase persistence serves as a quantitative, country-level proxy, comple-
mented the introduction of the potato in contributing to the large growth in Old World population
and urbanization between the 18th and 19th centuries.
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Variable Definitions and Sources (Alphabetical Order)
Distance from Coast or Navigable River
The average distance in thousands of kilometers from an ice-free coast or navigable river. This
variable is from the Center for International Development, which is derived from Gallup et al.
(1999).
Economic Complexity
An aggregated country-level index from 1 to 8 that represents historic economic development–
nomadic or fully migratory, semi-nomadic, semi-sedentary, compact but temporary settlements,
neighborhoods of dispersed family homes, separated hamlets forming a single community, compact
and relatively permanent, complex settlements–for ethnicities within modern country borders. Data
are at the ethnic level and mapped to the country-level by contemporary ethnic compositions. These
data are from Alesina et al. (2013).
Elevation
The average elevation of a country in meters. These data are from Nunn and Puga (2012) by way
of Nunn and Qian (2011).
Fraction within Tropics
The fraction of a country with a Koppen-Geiger tropical climate. These data come from Nunn and
Puga (2012) by way of Nunn and Qian (2011).
The Frequency of Lactase Persistence
Lactase persistence frequencies for Old World ethnicities are given by Ingram et al. (2009a). Eth-
nic data are then aggregated to the country level by matching ethnic groups from Ingram et al.
(2009a) to compositions in Alesina et al. (2003) by language group similarities. This gives a con-
temporary, country-level measure for the frequency of lactase persistence. Contemporary ethnic
compositions are modified by the inverse of the Putterman and Weil Migration Matrix (2010) to
create representative ethnic compositions for the year 1500 CE.
Genetic Distance from the U.K.
Genetic distance is a measure of genetic diversity between societies. This measure is calculated with
the fixation index, or FST , from population genetics and measures the variation in gene frequencies
across differing groups. FST scores are given for 42 indigenous populations; the data come from
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Cavalli-Sforza et al. (1994). The genetic distance measures are then aggregated to the country level
by Spolaore and Wacziarg (2009), from which genetic distance to the UK is found for 206 countries.
The UK is chosen as the technology frontier in 1500 CE. Genetic distance from this frontier is
intended to convey difficulty in the diffusion of technology.
Genetic Diversity
Genetic diversity is the predicted country-level heterozygosity based on migratory distance from
East Africa. These data represent the probability that two randomly selected individuals contain
different gene variants at the same locus. The data are from Ashraf and Galor (2013).
Indicator for Presence of Large Animals
An indicator equaling one for the presence of pigs, sheep, goats, equine animals, deer, camels,
alpacas, llamas, and bovine animals for an ethnic population. Data are at the ethnic level and
mapped to countries by contemporary ethnic compositions. These data are from Alesina et al.
(2013).
Intensity of Animal Husbandry
A measure from 0 to 1 percent that measures an ethnicity’s historic dependency on animal hus-
bandry. The measure is aggregated to the country-level by the contemporary ethnic composition of
a country found within the Ethnologue (Lewis 2009). These data are from Alesina et al. (2013).
Malaria Ecology Index
The malaria ecology index takes into account differences in the environment and mosquito vectors
that contribute to the spread of malaria. These data come from Kiszewski et al. (2004) by way of
Nunn and Qian (2011).
Member of the Roman Empire
An indicator variable coded to one for countries with Roman heritage that were part of the Roman
Empire but not belonging to the Ottoman Empire. These include Belgium, Britain, France, Italy,
the Netherlands, Portugal, Spain, and Switzerland. These data are from Acemoglu et al. (2005) by
way of Nunn and Qian (2011).
Political Hierarchy
An index from 1 to 5 that measures he number of jurisdictional hierarchies beyond the local com-
munity. Data are at the ethnic level and mapped to countries by contemporary ethnic compositions.
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These data are from Alesina et al. (2013).
Ruggedness
Ruggedness represents the average standard deviation of grid elevation within a country. These
data come from Nunn and Puga (2012) by way of Nunn and Qian (2011).
Suitability of Land for Pasture
A suitability index, ranging from 0 to 1, for pasture within 5 arc-minute by 5 arc-minute grids,
which is then averaged within modern country borders. This index takes into account climate, soil,
and and terrain conditions necessary in developing grasslands. The raster data can be found at
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14167.
Suitability for All Crops
The number of hectares suitable for any non-fodder crop. These data are from Nunn and Qian
(2011).
Years of Agriculture
The millennia since the majority of a country’s population adopted agriculture for subsistence.
These data are from Putterman and Trainor (2006).
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5 Tables and Figures
Table 1. Evidence for Nutritional Complementarity:
Correlation Across Nutrients
Food Source Potato Milk Old World New World
(1) (2) (3) (4)
Potato 1
Milk -0.35* 1
(0.08)
Old World Crops -0.01 -0.02 1
(0.96) (0.93)
New World Crops 0.01 -0.11 0.03 1
(0.95) (0.61) (0.89)
Beef -0.25 0.40** 0.16 -0.22
(0.23) (0.04) (0.43) (0.27)
Summary: This table gives the correlation across the fraction of daily recommended values for all nutrients considered–macro,
vitamins, and minerals–between food sources. A negative correlation coefficient implies complementarity in the diet, as this implies
foods differ in nutritional content. Milk and potatoes significantly differ in nutrient composition, supporting our main hypothesis.
Notes: (i) p-values are in parantheses, and * represents signficance at the 10% level. (ii) All nutrition data is from the National
Nutrient Database from the USDA. A consistent unit of mass(100 grams) is used for all food sources. (iii) Old World crops is the
average nutritional value of wheat and rice. New world crops is the average nutritional value of yellow corn, sweet potatoes, and
cassava. (iv) Nutrient information for potatoes is for raw white potatoes including skin and flesh. Nutrient information for milk is
for whole, 3.25% fat, milk without added vitamin A or D. Nutrient information for Old World crops is for durum wheat and
cooked long-grained brown rice. Nutrient information for New World crops is for yellow corn, cassava, and sweet potatoes–all raw.
Nutrient information for beef is for broiled ground meat, 70% lean and 30% fat.
(v) The daily recommendation for all nutrients is from:
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm064928.htm.
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Table 2. The Interaction between Potatoes and Milk over Time
Dependent Variable: ln Population City Pop. Share
(1) (2) (3) (4)
ln Potato Area × ln Freq. of Lactase Persistence× 1100 -0.0092 0.0243 0.0035 0.0024
(0.0191) (0.0181) (0.0034) (0.0043)
ln Potato Area × ln Freq. of Lactase Persistence× 1200 0.0402** 0.0648*** 0.0026 0.0006
(0.0181) (0.0219) (0.0032) (0.0040)
ln Potato Area × ln Freq. of Lactase Persistence× 1300 0.1001*** 0.1366*** 0.0002 0.0022
(0.0212) (0.0259) (0.0035) (0.0038)
ln Potato Area × ln Freq. of Lactase Persistence× 1400 0.0600** 0.0922*** 0.0085** 0.0084
(0.0238) (0.0287) (0.0039) (0.0055)
ln Potato Area × ln Freq. of Lactase Persistence× 1500 0.0781*** 0.0999*** 0.0042 0.0069
(0.0259) (0.0351) (0.0034) (0.0049)
ln Potato Area × ln Freq. of Lactase Persistence× 1600 0.0893*** 0.1055*** 0.0092 0.0121
(0.0258) (0.0375) (0.0080) (0.0107)
ln Potato Area × ln Freq. of Lactase Persistence× 1700 0.1101*** 0.1324*** 0.0039 0.0002
(0.0339) (0.0443) (0.0034) (0.0052)
ln Potato Area × ln Freq. of Lactase Persistence× 1750 0.1218*** 0.1342*** 0.0033 -0.0007
(0.0353) (0.0473) (0.0038) (0.0070)
ln Potato Area × ln Freq. of Lactase Persistence× 1800 0.1511*** 0.1462*** 0.0046 0.0011
(0.0408) (0.0541) (0.0033) (0.0059)
ln Potato Area × ln Freq. of Lactase Persistence× 1850 0.1551*** 0.1757*** 0.0084** 0.0074
(0.0495) (0.0548) (0.0042) (0.0054)
ln Potato Area × ln Freq. of Lactase Persistence× 1900 0.2168*** 0.2013*** 0.0383*** 0.0334***
(0.0467) (0.0585) (0.0057) (0.0078)
Baseline Controls (× Year fixed effects):
Crop Suitability
ln Suitability for All Crops N Y N Y
Domesticate Animals
Suitability for Pasture N Y N Y
Indicator for Presence of Large Animals N Y N Y
Intensity of Animal Husbandry N Y N Y
Historic Political/Economic Development
Years of Agriculture N Y N Y
Political Hierarchy N Y N Y
Economic Complexity N Y N Y
Environment
ln Elevation N Y N Y
ln Ruggedness N Y N Y
ln Tropical Area N Y N Y
Observations 1552 1552 1552 1552
R Sqr. 0.9897 0.9928 0.5090 0.5468
p-value for joint sig. of FLP† 1750-1900 0.6247 0.0863 0.6983 0.3474
p-value for joint sig. of PSA† 1750-1900 0.7960 0.1975 0.0123 0.4186
p-value for joint sig. of PSA × FLP 1750-1900 0.0004 0.0028 0.0000 0.0003
Summary: This table illustrates the effect of the interaction between potatoes and milk over time. The coefficient represents the
association between the two variables in producing larger populations. After the introduction of the potato in 1750 CE, the
coefficient of the interaction increases in magnitude, implying milk complemented the marginal effect of potatoes after the
widespread distribution.
Notes: (i) Observations are at the country-year level. All regressions use the base sample of 130 Old World countries from Nunn
and Qian (2011). (ii) All regressions include country and year fixed effects. Standard errors are clustered at the country level with
*, **, and *** representing significance at the 10, 5, and 1% significance level, respectively. (iii) The frequency of lactase
persistence is the fraction of a country’s population able to digest milk. This variable is a proxy for milk consumption.
† FLP = Frequency of Lactase Persistence; PSA = Potato-suitable Area
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n
tr
o
ls
Y
Y
Y
Y
Y
Y
Y
Y
ln
L
a
ti
tu
d
e
N
Y
N
N
N
N
N
Y
ln
D
is
t.
fr
om
C
o
as
t
N
N
Y
N
N
N
N
Y
M
a
la
ri
a
N
N
N
Y
N
N
N
Y
R
om
an
H
er
it
a
ge
N
N
N
N
Y
N
N
Y
G
en
et
ic
D
iv
er
si
ty
N
N
N
N
N
Y
N
Y
G
en
et
ic
D
is
t.
fr
o
m
U
.K
.
in
1
50
0
C
E
N
N
N
N
N
N
Y
Y
S
u
m
m
a
ry
:
T
h
is
ta
b
le
in
cl
u
d
es
a
n
u
m
b
er
o
f
p
o
te
n
ti
a
l
o
m
it
te
d
v
a
ri
a
b
le
s.
A
d
es
cr
ip
ti
o
n
o
f
ea
ch
v
a
ri
a
b
le
is
g
iv
en
w
it
h
in
th
e
v
a
ri
a
b
le
a
p
p
en
d
ix
.
T
h
e
p
ie
ce
m
ea
l
in
cl
u
si
o
n
o
f
ea
ch
a
n
d
a
ll
p
o
te
n
ti
a
ll
y
o
m
it
te
d
v
a
ri
a
b
le
s
d
o
es
n
o
t
a
lt
er
th
e
si
g
n
ifi
ca
n
ce
o
r
m
a
g
n
it
u
d
e
o
n
th
e
in
te
ra
ct
io
n
b
et
w
ee
n
p
o
ta
to
su
it
a
b
il
it
y
a
n
d
th
e
co
u
n
tr
y
-l
ev
el
fr
eq
u
en
cy
o
f
la
ct
a
se
p
er
si
st
en
ce
.
N
o
te
s:
(i
)
O
b
se
rv
a
ti
o
n
s
a
re
a
t
th
e
co
u
n
tr
y
-y
ea
r
le
v
el
.
A
ll
re
g
re
ss
io
n
s
u
se
th
e
b
a
se
sa
m
p
le
o
f
1
3
0
O
ld
W
o
rl
d
co
u
n
tr
ie
s
fr
o
m
N
u
n
n
a
n
d
Q
ia
n
(2
0
1
1
).
(i
i)
A
ll
re
g
re
ss
io
n
s
in
cl
u
d
e
co
u
n
tr
y
a
n
d
y
ea
r
fi
x
ed
eff
ec
ts
.
S
ta
n
d
a
rd
er
ro
rs
a
re
cl
u
st
er
ed
a
t
th
e
co
u
n
tr
y
le
v
el
w
it
h
*
,
*
*
,
a
n
d
*
*
*
re
p
re
se
n
ti
n
g
si
g
n
ifi
ca
n
ce
a
t
th
e
1
0
,
5
,
a
n
d
1
%
si
g
n
ifi
ca
n
ce
le
v
el
,
re
sp
ec
ti
v
el
y.
(i
ii
)
T
h
e
fr
eq
u
en
cy
o
f
la
ct
a
se
p
er
si
st
en
ce
is
th
e
fr
a
ct
io
n
o
f
a
co
u
n
tr
y
’s
p
o
p
u
la
ti
o
n
a
b
le
to
d
ig
es
t
m
il
k
.
T
h
is
v
a
ri
a
b
le
is
a
p
ro
x
y
fo
r
m
il
k
co
n
su
m
p
ti
o
n
.
(i
v
)
O
u
r
b
a
se
li
n
e
co
n
tr
o
ls
in
cl
u
d
e
th
e
su
it
a
b
il
it
y
fo
r
a
ll
cr
o
p
s,
th
e
su
it
a
b
il
it
y
o
f
la
n
d
fo
r
p
a
st
u
re
,
th
e
p
re
se
n
ce
o
f
d
o
m
es
ti
ca
te
a
n
im
a
ls
,
th
e
in
te
n
si
ty
o
f
a
n
im
a
l
h
u
sb
a
n
d
ry
,
th
e
m
il
le
n
n
ia
a
co
u
n
tr
y
h
a
s
p
ra
ct
ic
ed
a
g
ri
cu
lt
u
re
,
in
d
ex
es
o
f
h
is
to
ri
c
p
o
li
ti
ca
l
a
n
d
ec
o
n
o
m
ic
d
ev
el
o
p
m
en
t,
el
ev
a
ti
o
n
,
la
n
d
ru
g
g
ed
n
es
s,
a
n
d
th
e
fr
a
ct
io
n
o
f
a
co
u
n
tr
y
w
it
h
in
th
e
tr
o
p
ic
s.
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(a
)
M
ac
ro
N
u
tr
ie
n
ts
(b
)
V
it
a
m
in
s
(c
)
M
in
er
a
ls
F
ig
u
re
1
D
iff
er
en
ce
s
in
th
e
N
u
tr
ie
n
t
C
om
p
os
it
io
n
of
P
ot
at
o
es
an
d
M
il
k
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
g
iv
es
th
e
n
u
tr
it
io
n
a
l
co
m
p
o
si
ti
o
n
fo
r
b
o
th
p
o
ta
to
es
a
n
d
m
il
k
.
S
u
b
-fi
g
u
re
(a
)
g
iv
es
m
a
cr
o
-n
u
tr
ie
n
t
in
fo
rm
a
ti
o
n
–
i.
e.
,
ca
lo
ri
es
,
p
ro
te
in
,
et
c.
;
S
u
b
-fi
g
u
re
(b
)
g
iv
es
in
fo
rm
a
ti
o
n
o
n
v
it
a
m
in
s;
a
n
d
S
u
b
-fi
g
u
re
(c
)
g
iv
es
in
fo
rm
a
ti
o
n
fo
r
th
e
m
in
er
a
l
co
m
p
o
si
ti
o
n
o
f
ea
ch
fo
o
d
so
u
rc
e.
M
a
jo
r
d
iv
er
g
en
ce
s
o
cc
u
r
fo
r
v
it
a
m
in
C
,
v
it
a
m
in
A
,
a
n
d
ca
lc
iu
m
.
N
o
te
s:
(i
)
T
h
e
sc
a
le
o
f
th
e
y
-a
x
is
is
n
o
t
co
n
si
st
en
t
a
cr
o
ss
su
b
-fi
g
u
re
s.
(i
i)
A
ll
n
u
tr
it
io
n
d
a
ta
is
fr
o
m
th
e
N
a
ti
o
n
a
l
N
u
tr
ie
n
t
D
a
ta
b
a
se
fr
o
m
th
e
U
S
D
A
.
A
co
n
si
st
en
t
u
n
it
o
f
m
a
ss
(1
0
0
g
ra
m
s)
is
u
se
d
fo
r
a
ll
fo
o
d
so
u
rc
es
.
T
h
e
p
er
ce
n
t
o
f
th
e
d
a
il
y
re
co
m
m
en
d
ed
v
a
lu
e
is
th
e
a
m
o
u
n
t
o
f
a
n
u
tr
ie
n
t
w
it
h
in
1
0
0
g
ra
m
s
o
f
a
p
a
rt
ic
u
la
r
fo
o
d
so
u
rc
e
re
la
ti
v
e
to
th
e
to
ta
l
d
a
il
y
re
co
m
m
en
d
ed
v
a
lu
e.
(i
ii
)
N
u
tr
ie
n
t
in
fo
rm
a
ti
o
n
fo
r
p
o
ta
to
es
is
fo
r
ra
w
w
h
it
e
p
o
ta
to
es
in
cl
u
d
in
g
sk
in
a
n
d
fl
es
h
.
N
u
tr
ie
n
t
in
fo
rm
a
ti
o
n
fo
r
m
il
k
is
fo
r
w
h
o
le
,
3
.2
5
%
fa
t,
m
il
k
w
it
h
o
u
t
a
d
d
ed
v
it
a
m
in
A
o
r
D
.
(i
v
)
T
h
e
d
a
il
y
re
co
m
m
en
d
a
ti
o
n
fo
r
a
ll
n
u
tr
ie
n
ts
is
fr
o
m
:
h
tt
p
:/
/
w
w
w
.f
d
a
.g
o
v
/
F
o
o
d
/
G
u
id
a
n
ce
R
eg
u
la
ti
o
n
/
G
u
id
a
n
ce
D
o
cu
m
en
ts
R
eg
u
la
to
ry
In
fo
rm
a
ti
o
n
/
L
a
b
el
in
g
N
u
tr
it
io
n
/
u
cm
0
6
4
9
2
8
.h
tm
.
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F
ig
u
re
2
P
ot
at
o
C
on
su
m
p
ti
on
an
d
L
ac
ta
se
P
er
si
st
en
ce
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
p
lo
ts
th
e
re
la
ti
o
n
sh
ip
b
et
w
ee
n
th
e
co
n
te
m
p
o
ra
ry
fr
eq
u
en
cy
o
f
la
ct
a
se
p
er
si
st
en
ce
a
n
d
th
e
co
u
n
tr
y
-l
ev
el
p
o
ta
to
co
n
su
m
p
ti
o
n
(k
g
p
er
ca
p
it
a
)
in
2
0
0
9
.
T
h
e
b
iv
a
ri
a
te
sl
o
p
e
co
effi
ci
en
t
o
f
th
is
re
la
ti
o
n
sh
ip
is
6
8
.6
3
.
D
a
ta
fo
r
2
0
0
9
p
o
ta
to
co
n
su
m
p
ti
o
n
a
re
fr
o
m
th
e
F
A
O
.
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F
ig
u
re
3
O
ld
W
or
ld
F
re
q
u
en
cy
of
L
ac
ta
se
P
er
si
st
en
ce
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
g
iv
es
th
e
co
u
n
tr
y
-l
ev
el
fr
eq
u
en
cy
o
f
la
ct
a
se
p
er
si
st
en
ce
fo
r
th
e
O
ld
W
o
rl
d
a
n
d
O
ce
a
n
ia
.
D
a
rk
er
a
re
a
s
re
p
re
se
n
t
h
ig
h
er
fr
eq
u
en
ci
es
o
f
la
ct
a
se
p
er
si
st
en
ce
.
36
F
ig
u
re
4
O
ld
W
or
ld
P
ot
at
o
A
re
a
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
g
iv
es
th
e
co
u
n
tr
y
-l
ev
el
su
it
a
b
il
it
y
fo
r
p
o
ta
to
es
fo
r
th
e
O
ld
W
o
rl
d
a
n
d
O
ce
a
n
ia
.
D
a
rk
er
a
re
a
s
re
p
re
se
n
t
g
re
a
te
r
p
o
ta
to
su
it
a
b
il
it
y.
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F
ig
u
re
5
O
ld
W
or
ld
In
te
ra
ct
io
n
b
et
w
ee
n
P
ot
at
o
S
u
it
ab
il
it
y
an
d
L
ac
ta
se
P
er
si
st
en
ce
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
g
iv
es
th
e
co
u
n
tr
y
-l
ev
el
v
a
lu
e
fo
r
th
e
in
te
ra
ct
io
n
b
et
w
ee
n
th
e
fr
eq
u
en
cy
o
f
la
ct
a
se
p
er
si
st
en
ce
a
n
d
p
o
ta
to
su
it
a
b
il
it
y.
D
a
rk
er
a
re
a
s
re
p
re
se
n
t
g
re
a
te
r
v
a
lu
es
,
im
p
ly
in
g
a
re
a
s
w
it
h
h
ig
h
fr
eq
u
en
ci
es
o
f
la
ct
a
se
p
er
si
st
en
ce
a
n
d
/
o
r
h
ig
h
su
it
a
b
il
it
y
fo
r
p
o
ta
to
es
.
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(a
)
ln
P
op
u
la
ti
on
(b
)
C
it
y
P
o
p
u
la
ti
o
n
S
h
a
re
F
ig
u
re
6
C
om
p
le
m
en
ta
ri
ty
ov
er
T
im
e
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
p
lo
ts
th
e
p
o
in
t
es
ti
m
a
te
s
o
f
th
e
in
te
ra
ct
io
n
b
et
w
ee
n
la
ct
a
se
p
er
si
st
en
ce
a
n
d
p
o
ta
to
su
it
a
b
il
it
y
fo
r
th
e
fl
ex
ib
le
es
ti
m
a
te
s
o
f
T
a
b
le
2
.
O
f
n
o
te
is
th
e
in
cr
ea
se
a
ft
er
th
e
p
ro
p
o
se
d
in
tr
o
d
u
ct
io
n
d
a
te
o
f
p
o
ta
to
es
.
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(a
)
ln
P
op
u
la
ti
on
(b
)
C
it
y
P
o
p
u
la
ti
o
n
S
h
a
re
F
ig
u
re
7
M
ar
gi
n
al
E
ff
ec
t
of
P
ot
at
o
es
w
it
h
D
iff
er
in
g
L
ev
el
s
of
M
il
k
C
on
su
m
p
ti
on
S
u
m
m
a
ry
:
T
h
is
fi
g
u
re
p
lo
ts
th
e
m
a
rg
in
a
l
eff
ec
t
o
f
p
o
ta
to
es
fo
r
th
re
e
le
v
el
s
o
f
la
ct
a
se
p
er
si
st
en
ce
–
th
e
2
5
th
p
er
ce
n
ti
le
,
th
e
m
ed
ia
n
,
a
n
d
th
e
7
5
th
p
er
ce
n
ti
le
.
M
a
rg
in
a
l
eff
ec
ts
a
re
ca
lc
u
la
te
d
fr
o
m
th
e
fl
ex
ib
le
es
ti
m
a
te
s
o
f
T
a
b
le
2
.
O
f
n
o
te
is
th
e
d
iff
er
en
ti
a
l
eff
ec
t
o
f
p
o
ta
to
es
fr
o
m
th
e
le
v
el
o
f
la
ct
a
se
p
er
si
st
en
ce
.
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